In addition to acting as ligands on transition metals, the ability of NHCs to act as both electron donors and acceptors permits them to serve as organocatalysts in a variety of coupling reactions. Four publications have been chosen that highlight this activity. Bode reported a simple and broadly applicable NHC-catalyzed annulation based on an R-hydroxyenone surrogate for R, -unsaturated aldehydes. 1 Here, the NHC forms a reactive enol that can be used to make cyclopentenes and γ-lactams that include an assortment of heterocyclic substituents. Another use of an NHC in organocatalysis was reported by Rovis, in which triazolium species act as catalysts for the intermolecular reaction of glyoxamides with alkylidenemalonates to give asymmetric aldehyde addition products.
2 Waymouth has found new NHC initiators that enable polmerization of lactides to cyclic polylactides as a result of faster initiation and slower cyclization as compared to 1,3-dimesityl-4,5-dihydroimidazol-2-ylidene(Imes).
3 Poly(ethylene glycol) (PEG or PEO) is a widely used biocompatible polymer, easily prepared via ring-opening polymerization. While this route does not easily adapt to the preparation of functionalized derivatives, Gnanou and Taton have reported that the NHC 1,3-bis(diisopropyl)imidazol-2-ylidene (IPr) serves as an efficient catalyst for ethylene oxide polymerization to give R,ω-difunctionalized PEOs with polydipersities near 1.0. 4 N-Heterocyclic carbenes have also figured prominently in metathesis catalysis, and three contributions have been selected that display some highlights of NHC-based improvements. In the Grubbs II olefin metathesis catalyst, an NHC group replaces a phosphine ligand in the Grubbs I catalyst. Grubbs has prepared an NHC derivative in which the organocarbene ligand responsible for metathesis on the ruthenium metal center is tethered to the NHC ligand. doing so, ring-expansion metathesis polymerization with cyclooctene leads to the formation of a macrocycle that is eventually ejected from the metal, producing polymer rings of about 150 kDa. Fréchet has used a specially designed Ru-tethered NHC catalyst for the synthesis of a cyclic dendronized polymer from a dendronized macromonomer. 6 The combination of tether size and NHC saturation was used to achieve the desired relative rates of propagation vs catalyst release. In Grubbs's NHC-containing metathesis catalyst (Grubbs II), occasionally the carbene is seen to undergo insertion side reactions. Keister and Diver have found that addition of CO or isocyanide triggers carbene insertion into an aromatic ring on the NHC nitrogen to give a cycloheptatriene, a reaction related to the Buchner insertion for cyclopropanation of aromatic rings. 7 Study of this decomposition route is important to prepare metathesis catalysts that can operate with lower catalyst loadings.
Two interesting applications of NHCs in main group chemistry have appeared recently. N-Heterocyclic carbenes have been shown to stabilize SidSi double bonds. Driess has used this capability to prepare a stable silylene (R 2 Si:), which can be oxidized to give the first example of a SidO double bond.
8 Roesky has prepared and studied the addition reactions of NHCs, N-heterocyclic silylenes, and N-heterocyclic germylenes. 9 Distinct reactivity is seen with ammonia and aminoboranes, leading to a simple N-H insertion adduct with the former but net hydrogenation with the latter.
Use of NHC-containing complexes also promotes insertion reactions of alkynes and cyclizations. Bertrand reported an easily synthesized, sterically hindered NHC that allows low-coordinate gold(I) to be prepared. 10 This species was shown to be an efficient catalyst for the addition of secondary dialkylamines to internal alkynes, a process that has little precedent. As analogues of phosphines, NHC-derived catalysts are expected to have similar chemistry. Tsuji has found an iridium catalyst for the addition of acid chlorides across terminal alkynes in which the phosphine-based catalyst results in decarbonylative addition, whereas the bulky NHC-based catalyst gives exclusively the acyl chloride addition product.
11 Nolan has reported a gold(I) NHC cation that catalyzes the efficient hydration of alkynes to give ketones. 12 The success of the reaction is limited to the IPr ligand and the weakly coordinating solvent dioxane with a non-coordinating anion. A variety of carbonyl complexes were prepared with catalyst loadings as low as 50 ppm. Au(I) coordinated with an NHC ligand has been shown by Horino and Toste to catalyze sequential cycloisomerization/sp 3 C-H bond functionalization of 1,5-enynes and 1,4-enallenes to provide tetracyclododecane and tetracyclotridecane derivatives. 13 In this complex sequence of tandem reactions, the NHC and phosphine complexes give comparable results. A useful catalyst for the [3 + 2] addition of alkynes and R-aryldiazoesters to yield indenes has been reported by Chang. 14 The ionic Cu(IPr) + B(ArF) 4 -catalyst is proposed to react via a carbenoid species with the alkyne to undergo electrophilic cyclization with the arene.
Three Communications demonstrate the utility of NHC ligands in group-transfer reactions. The planar coordination geometry of NHCs has been put to use by Lammertsma in the synthesis of a novel ruthenium phosphinidene complex, in which the perpendicular relationship between these two groups changes the σ-donor/π-acceptor properties of the NHC. 15 The enhanced σ-donor properties are thought to enhance the polarity of the RudPR bond, thereby enhancing the reactivity of the group toward phosphinidine transfer. The utility of organofluorine compounds in medicinal, materials, and agricultural fields requires the development of new methods for the introduction of fluorine-containing functional groups into organic molecules. Vicic has reported a new copper-NHC trifluoromethyl derivative that can convert aryl iodides into trifluoromethyl derivatives in good yields. 16 Hoveyda has reported a protocol for catalytic boron-copper addition to acyclic and cyclic aryl olefins. 17 These saturated-NHC copper(I) catalysts give high yields of a single boronate diastereomer. Furthermore, use of a chelating NHC allowed for a highly enantioselective borylation of -methylstyrene and related cyclic olefins.
N-Heterocyclic carbenes have also made their way into materials chemistry. Yam has synthesized a series of diarylethene-containing NHC complexes of Au(I), Ag(I), and Pd(II). 18 These materials have been demonstrated to undergo photochromic reactions that may provide opportunities for materials and catalysts with photoswitchable functions. N-Heterocyclic carbene ligands are useful in many complexes due to the steric protection they offer while maintaining a low coordination number. However, in some cases intramolecular reactions can occur, as seen in the case of the Keister/Diver study. Macgregor and Whittlesey have seen the deprotonation of an agostic methyl C-H bond of an I i Pr 2 NHC ligand; however, calculations indicate that the proton removed is not the agostic hydrogen but one that is geminal on the same methyl group. 19 This conclusion suggests that similar pathways should be considered in electrophilic methane activation reactions. Finally, a ruthenium complex containing an NHC ligand has been found by Madsen to promote the remarkable reaction of primary amines and primary alcohols to give amides with loss of 2 equiv of H 2 . 20 A proposed pathway involves initial conversion of the alcohol to an aldehyde, followed by attack of the amine and dehydrogenation to give the amide.
As mentioned above, these reports represent only a small fraction of the work that is going on employing N-heterocyclic carbenes in chemical synthesis. We hope that portraying some of these examples will stimulate thinking of additional ways that readers can find uses for these unusual molecules. 
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